The aim of this study was to assess the relationship between acute physiologic and chronic health examination (APACHE) II and sequential organ failure assessment (SOFA) scores and outcomes of post-cardiac arrest patients treated with therapeutic hypothermia (TH). Methods: Out-of-hospital cardiac arrest (OHCA) survivors treated with TH between January 2010 and December 2012 were retrospectively evaluated. We captured all components of the APACHE II and SOFA scores over the first 48 hours after intensive care unit (ICU) admission (0 h). The primary outcome measure was in-hospital mortality and the secondary outcome measure was neurologic outcomes at the time of hospital discharge. Receiver-operating characteristic and logistic regression analysis were used to determine the predictability of outcomes with serial APACHE II and SOFA scores. Results: A total of 138 patients were enrolled in this study. The area under the curve (AUC) for APACHE II scores at 0 h for predicting in-hospital mortality and poor neurologic outcomes (cerebral performance category: 3-5) was more than 0.7, and for SOFA scores from 0 h to 48 h the AUC was less than 0.7. Odds ratios used to determine associations between APACHE II scores from 0 h to 48 h and in-hospital mortality were 1.12 (95% confidence interval [CI], 1.03-1.23), 1.13 (95% CI, 1.04-1.23), and 1.18 (95% CI, 1.07-1.30). Conclusions: APACHE II, but not SOFA score, at the time of ICU admission is a modest predictor of in-hospital mortality and poor neurologic outcomes at the time of hospital discharge for patients who have undergone TH after return of spontaneous circulation following OHCA.
Introduction
The number of out-of-hospital cardiac arrests (OHCA) in Korea was estimated to be 97,291 between 2006 and 2010. The age-standardized incidence of OHCA increased from 37.5 cases to 46.8 cases per 100,000 persons in 2010, and survival to hospital discharge was 3.0% in 2010. [1] Still, survivors of cardiac arrest with return of spontaneous circulation (ROSC) after cardiopulmonary resuscitation (CPR) often die due to refractory shock or recurrent cardiac arrest (CA), or experience devastating neurological impairment as a result of ischemia/reperfusioninduced cerebral injury. [2, 3] Therapeutic hypothermia (TH) has been shown to alleviate anoxic brain injury and improve neurologic outcomes in patients after ROSC. [4, 5] The prediction of neurological outcomes is a crucial factor in determining treatment strategies for CA patients with ROSC.
Severity assessments help to reduce ineffective life-sustaining treat-ment and promote efficient distribution of health care resources. [6, 7] When the risk of death is accurately predicted, patients and their families can prepare for an expected death and physicians can more effectively stratify patients based on adjusted predictive risks for their quality evaluation or research. [8] In previous studies, the survival of CA patients varied according to the location at which CA occurred, the presence or absence of a bystander who could perform CPR, access to a professional rescuer who could perform CPR, initial cardiac rhythm, and no-flow and low-flow times. [9, 10] However, prediction tools such as the acute physiologic and chronic health examination (APACHE), [11] Simplified acute physiologic score (SAPS), [12] and sequential organ failure assessment (SOFA) [13] do not incorporate certain variables that may affect outcomes of CA patients because these scoring systems were developed for application to patients with critical illness. It is therefore necessary to verify the utility of these scoring systems for quantifying the severity of illness in CA patients.
This study aimed to assess the utility of APACHE II and SOFA scores in predicting outcomes of CA patients who underwent TH after ROSC.
Materials and Methods

1) Subjects
This study was conducted at a 1,300-bed university hospital with 100 intensive care unit (ICU) beds and nearly 90,000 emergency-room visits each year. Among adult patients who presented to the emergency room due to OHCA over the course of 36 months from January 1, 2010 to December 31, 2012, those who underwent TH after CPR and ROSC were screened, and their medical records were retrospectively analyzed. Patients with traumatic CA were excluded along with those who died before ICU admission and those with insufficient patient information. 
2) Therapeutic hypothermia
4) Statistical analysis
Statistical analysis was performed using SPSS, version 18 were considered to be calibrated. 
Results
1) Subject characteristics and cardiac arrest data
2) Variables associated with in-hospital mortality and neurologic outcomes
In-hospital mortality was affected by initial cardiac rhythm, cardiogenic CA, vasopressor administration within 48 hours, and baseline lactate level ( Poor means CPC scores ranging from 3 to 5 (CPC 3: n = 5, CPC 4: n = 29, CPC 5: n = 57). SD: standard deviation; COPD: chronic obstructive pulmonary disease; CPR: cardiopulmonary resuscitation; PEA: pulseless electrical activity; VF: ventricular fibrillation; VT: ventricular tachycardia; IQR: interquartile range. a Good ㅡmeans cerebral performance category (CPC) scores ranging from 1 to 2 (CPC 1: n = 42, CPC 2: n = 5). b Poor means CPC scores ranging from 3 to 5 (CPC 3: n = 5, CPC 4: n = 29, CPC 5: n = 57). APACHE: acute physiologic and chronic health examination; SOFA: sequential organ failure assessment; SD: standard deviation. outcomes are presented in Table 5 . The predictability of APACHE II scores was assessed at each time point using ROC curves as shown in Fig. 1. and 
Discussion
The purpose of this study was to assess the time-dependent predictive performance of APACHE II and SOFA scores in pre- In this study, initial cardiac rhythm was also identified as a variable associated with in-hospital mortality, though this was not statistically significant, likely due to low rates of witnessed CA, performance of CPR by bystanders, [1] and disparities in EMS presence.
The APACHE II scoring system was developed by Knaus et al. [11] in 1985 to classify the severity of illness. This scoring system was used for 5,815 patients in ICUs at 13 hospitals, and was found to correlate with in-hospital mortality. APACHE II scores have been effectively used to predict outcomes in patients with critical illness including sepsis, [19] pesticide poisoning, [20] and trauma, [21] and also in surgical patients. [ In 2006, Adrie et al. [9] proposed use of the OHCA score to assess severity of illness in OHCA patients using initial cardiac rhythm, no-flow and low-flow times, serum lactate level, and creatinine level. They reported an AUC value of 0.82 for the OHCA score, which was calculated for predicting poor neurologic outcomes. Hunziker et al. [28] also supported the utility of OHCA scores with an AUC value of 0.85 in their study conducted to verify the utility of OCHA scores. The OHCA score is easy to calculate and utilize because it uses variables predicted at the time of ICU admission, with no observation period necessary. However, it is difficult to estimate the no-flow and low-flow times accurately, making scoring calculations more complicated.
This study has several limitations. First, it was conducted at a single hospital, and a sample size calculation was not performed. In addition, scoring was performed within the first 48 hours after ICU admission according to our TH protocol, since the effects of hypothermia including rewarming would not resolve and medications such as sedatives and muscle relaxants would not metabolize with 48 hours. Given the trends in AUC values, higher discrimination could be achieved if APACHE and SOFA score calculation extended to 72 hours after ICU admission.
In conclusion, APACHE II scores at the time of ICU admission showed moderate discriminatory power in predicting in-hospital mortality and poor neurologic outcomes at the time of discharge in OHCA patients who underwent TH after CPR with ROSC. However, SOFA scores showed a low discriminatory power. Additionally, patients with APACHE II scores of 32 or higher had a high risk of in-hospital death. Therefore, this score may be useful in predicting in-hospital mortality in OHCA patients receiving TH. Further large scale studies are needed to explore the utility of various scoring systems as predictors of
